#7? a= 
^F 2,151 2 (У f. 


Interrupts 


s. These functions make 


3 code to print à 
Il do everything for 


e seen as a number of function 
h easier, instead of writing 
terrupt and it w! 


Interrupts can b 
the programming muc 
character you can simply call the in 


you. 
nov abe 8 058 and 8086 interrupts: 
int 108 \ External Hardware Interrupts 
Nonmaskable Interrupt 
/ Software Interrupts 
pu y Internal Interrupts 
| Reset 





INTRO TO INTERRUPTS 


« An interrupt is а hardware-generated CALL 
— externally derived from a hardware signal 
. Ora software-generated CALL 


_ internally derived from the execution of an 
instruction or by some other internal event 


/ — at times an internal interrupt is called an exception 
(T) « Either type interrupts the program by calling 
|, KY 





an interrupt service procedure (ISP) or 
interrupt handler. 


X 


A / 


| € sorte ; Y 
' Tre دی‎ >| IA A^. d an“ TSR |^ +е 4. Кү, VACN 
A t " ot) 
Cer DP е ae ў , $ І 
Y ` ` Pace э O53 2272 Ini errui to der m ‚ | 
му) — م‎ * Of IACTA 
RULE рс! ле дә И T ) cH Меш 
* / [OU —1 » P rrul ” 
КОЛУ dd J i LUE = 
CA a > FF Fl › کے‎ 5 .! == delo ALCL , 


sat” 
° 2 ج‎ {27 7 





" | bl 


. An interrupt is an external event which informs the CPU that a 
device needs service 
« Inthe 8088 & 8086 there are are a total of 256 interrupts (or 
interrupt types) 
— INT 00 
~ INT 01 


- INTFF 


. When an interrupt is executed, the microprocessor automatically 
saves the flags register (FR), the instruction pointer (IP) and the 
code segment register (CS) on the stack and goes to a fixed 
memory location. 


. |n 80x86. the memory location to which an interrupt goes is always 
four times the value of the interrupt number 


+ IT 03h аоеѕ to 900Ch ‚о 3 — rp 
oc eee A 
Interrupt Vectors 


* A 4-byte number stored in the first 1024 bytes 
{ of memory (00000H-003F FH) in real mode. 
„ 256 different interrupt vectors. 


each vector contains the address of an interrupt 
service procedure 


+ Each vector contains a value for IP and CS 
that forms the address of the interrupt service 
procedure. 


— the first 2 bytes contain IP; the last 2 bytes CS 





INTs 


* 256 different software interrupt instructions 
(INTs) available to the programmer. 


— each INT instruction has a numeric operand 
whose range is 0 to 255 (OOH-FFH) 


,  * For example, INT 100 uses interrupt vector 1-2 бан 
100, which appears at memory address тот fu" 
190H- 193H. д 

- hu 


\ 
EE 
— INT 10H instruction calls the interrupt service 

procedure whose address is stored beginning at 
à memory location 40H (10H x 4) in the mode 


• Each INT instruction is 2 bytes long. 
— the first byte contains the opcode 


— the second byte contains the vector type number 
} 5 а 


» When a software interrupt executes, it: 
— pushes the flags onto the stack 
— clears the T and | flag bits 
— pushes CS onto the stack 


| “fetches the new value for CS from the 
interrupt vector 


— pushes IP onto the stack 


— fetches the new value for IP/EIP from 
the vector 


— jumps to the new location addressed by 
CS and IP 
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| Interrupt Service Routine 


For every interrupt, there must be a program associated with it 
This program is called an Interrupt Service Routine (ISR) 
It is also called an interrupt handler 


When an interrupt occurs, CPU runs the interrupt handler but where 
is the handler? 


- In the interrupt Vector Table (IVT) 


INT Number —— Address Contains 





Examples — 


i i Fon example: vector 50: cs and IP? 


¦ Physical Address 200 = (4 x 50) = 200 = 11001000 = 
| C8H 
000C8 contains IP: and 000CA contains CS information 


— — — — 







акаа 
£x doaoh. and 0031h coritain IP of the ISR 
'6033h contain: € S Of; the ISR 


tunt: -‏ میچ 
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IRET 


. Used only with software or hardware interrupt 
service procedures. 
. IRET instruction will 
| _ pop stack data back into the IP 
pop stack data back into CS 
- pop stack data back into the flag register 


Differences between INT and CALL 


ФА CALL FAR instruction can jump any location within the 

1 MB address range but INT nn goes to a fixed memory location 
in the Interrupt Vector Table to get the address of the interrupt 
service routine 

A CALL FAR instruction is used by the programmer in the 
sequence of instruction in the program but externally activated 
hardware interrupt can come at any time 

+A CALL FAR cannot be masked but INT nn in hardware can be 
blocked. 


WA CALL FAR saves CS:IP but INT nn saves Flags and CS:IP 


«^ At the end of the subroutine RET is used 
whereas for Interrupt routine IRET should be the last statement 
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Interrupt Instructions 


Muemond _Meaning жм ^ — Operalon — — | Flags Affected | 
CLI [Clear interrupt flag CLI Û s (IF) F 







511 [Set interrupt flag STI. [1 (IF) F 
| INTn [Typen software interrupt| INT n (Flags) + ((SP) - 2) TF. IF 
» TF IF 
CS) | (SP) 4j 
2*4) -» (CS) 
IP) - (SP) - 6) 
4n) - (IP) 
IRET interrupt return (SP)) - (IP) А 


(SP) + 2) » (CS) 
(SP) + 4) -» (Flags) 


SP) + 6 - (SP) 
INTO |Interrupt on overflow NT 4 steps TF, IF 
HLT Halt ait for an external None 
nterrupt or reset to occu 
WAIT Май ait for TEST input to None 


go active 


The Operation of Real Mode Interrupt 


| jt The contents of the FLAG REGISTERS are pushed onto the stack 

j 2. Both the Interrupt (IF) and (TF) flags are cleared. This disables the 

і INTR ріп and the trap or single-step feature. (Depending on the 
nature of the interrupt, a programmer can unmask the INTR pin by 
the STI Instruction) 


3. The contents of the code segment register (CS) is pushed onto the 


stack. 
l4.. The contents of the Instruction pointer (IP) is pushed onto the stack. 
5. The interrupt vector contents are fetched, and then placed into both 
IP and CS so that the next instruction executes at the interrupt 
service procedure addressed by the interrupt vector. 
6. While returning from the Interrupt-service routine by the instruction 


IRET, flags return to their state prior to the interrupt and and 
operation restarts at the prior IP address. 
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Discuss the two interrupts HLT and WAIT? 


On execution of HLT (halt) instruction by 8086, CPU suspends its instruction 
execution and enters into an idle state. It waits for either an external hardware 


interrupt or a reset input (interrupt). When any one of these occurs, CPU starts 
executing again. 


When the WAIT instruction is executed by 8086, it internally checks the logic 
level existing at its TEST input. If TEST is at logic 1 state, then CPU goes 
into an idle state. When TEST input assumes a zero state, execution resumes 
from the next sequential instruction in the program. 







Interrupt Vectors (DOS PC) 





Address Interrupt # 
те Viko Gape — | 
p-p] Dute к: 22 QC] 


em 


"fee — 


БЕТИНЕ 
| ош шр 





Interrupt Vector 


А че vos 
T TW А ре м 
At еза > e xem * 

X ee 


User Ava able 


^s 


Беј „жэ 
Ia eo Мы 
c wm 3* 4 > 
(e TW 
4 месх 5 
д “мех 4- Overton 
MÀ + Vector J- maaan " Reservec 
e Меску J- МАЕ 
м 
فد‎ «wem ° — Sage SEY 
-* 


+ veces Qo — 





INT 00 (divide error) ЕЕ 


вея \ зв — — — 
'. WRITE A DIVIDE ERROR ISR 

Prompt db ‘Division by zero anempcoedS" 
! Diver: PUSH DX 

Mov aS, 29% 


Mov dx, offset prompt 
(mt 21h 


_POP DX 


.. “INT. 01 (Single Step) 





— An P — A — — —— 

min execunng a sequence of instructions, there 15 often a need to | 
examine the contents of the CPU's registers and sy stem | 
— | 
» This is done by executing one instruction а: а ume and then | 
inspecting the registers and memory i 
X This is called the tracing or the single stepping | 
| & TF must be set (DS of the Mag register? | 
| PUSHF 

POP АХ 

OR A X, 0000000 LOOOOODOOOB L3 

PUSH AX 

POPF 
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+ BIOS and DOS programming in Assembly 
- pios INT 10H 
j « DOS INT2IH 


» BIOS and DOS contain some very usefu! subroutines, which can be used through INT (interrup!] 
instruction. 
» The INT instruction works like a FAR call, When it is invoked, it saves CS:IP and the flags on the 
: d i . stack and goes to the subroutine associated with the interrupt. 


INT xx tthe interrupt number can be 00 — FFH (256 possible interrupts) 


BIOS INT 10H PROGRAMMING 
> INT 10H subroutines are in the ROM BIOS of the 80x86-based IBM PC. 
> Depending on the value put in AH many function associated with the manipulation of screen tex! or 
graphics is performed. 
> Among these functions, clearing the screen, changing the cursor position, change the screen color 
and drawing lines on the screen. 










Monitor screen in text mode 


` 
00,00 00.79 
> In normal text mode the screen is divided into 00,4F(hex) 
80 columns and 25 rows. 
> Top left= 00,00 
Bottom left = 24.00 (decimal) 
Bottomright= 24,79 (decimal) screen center 
12,39 
+ Clearing the sereen (INT 10H fonction 06H) 0,27 (hex) 
у AH=06 Scroll window up 
р. To clear the screen with INT 10H the following 
registers must contain certain values. 24,00 24,79 
— 18.00 (hex) 18 AFthex! 


سے 








=06. AL=00, ВН=07, CX=0000 ~ 
DH=24, DL=79 3 
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[he code: MOV АН ;АН=06 select the scroll function 
MOV AL.00 number of lines to scroll (if AL=00 the entire page! 

MOV BH? the display attribute (BH=07 normal) 

MOV CH,.00 том value of the start point 

MOV CL00 column value of the start point 
| MOV DH24 row value of the ending point 
| бб шк. с.к МОУ 0,79 ошоп value of the ending point 

INT 10H invoke the interrupt 


More efficient coding: MOV АХФ Н scroll entire screen 

( F MOV BH,07 normal attribute 

l MOV CX,0000 ‘start at 00,00 
MOV DX,I84FH — ;end at 24,79 (hex=18,4F) 
INT 10H "invoke the interrupt 











0 — O M————— 


e INT 10H function 02; setting the cursor to я specific location 


\н=02 Set curse! position 


` BH page number (BH 00) ‚ 00 represents the current view ed page 


DH = row 

DL * column 

Ex. Write the code to set the curser position to row = 15 (= OFH) and column * 25 | ET 
MOV AH,02 set cursor option 
моу BH,00 раве 0 

Р MOV DH,!5 гозу position 

MOV DL.25 ;column position 
INT 10H invoke interrupt 10H 


Ex: Write a program segment to (1) clear the screen and (2) set the cursor at the center of the sereen 


clearing the screen 
MOV AX,0600H  .;scroll the entire page 
MOV ВН,07 ;normal attribute 
| MOV СХ 0000 ' зоғ and column of the top left 
MOV DX.IBAFH гом and column of the bottom right 
INT 10H anvoke interrupt 10H 


setting the cursor to the center of the screen 


MOV AH,02 sel cursor option 
MOV BH,00 раве 0 
MOV DH,12 “center row position 
| MOV DL,39 center column position 
INT 10H invoke interrupt 10H 


e INT 10H function 03: get current cursor position 


AH-03 Read cursor position -nd size 

Ex: MOV АН,03 option 03 of BIOS INT IOH (read cursor position and size) 
MOV BH,00 ‚choose current (00) page 
INT 10H ‘interrupt 10H routine 


After the execution of the above program: DH = current row, DL = current column CX 
will provide info about the shape of the cursor 


205 INT 21H PROGRAMMING 


> INT 21H subroutines are provided by DOS Operating system. 
» Depeading on the value put in AH many functions such as inputting data from the keyboard and 
displaying it on the screen can be 


INT 21H option 09: outputting a string of data to the monitor 
» INT 21H can be used to send a set of ASCII data to the monitor 
e  Reyisier settings before INT 21 H is invoked: AH -09 
DX = the offset address of the ASCH data to be 


displayed 





amocanner 


> INT2IH epos 09 will display the ASCII data string pointed at by DX until it encounters the 
dollar sign `$'. Note that this option cannot display '$ character on the screen 


DATA, ASC DB ‘love MIC ROPROCESSORS .'$ 


MOV AH,09 option 09 to display string of data 


i 
MOV DXOFFSETDATA ASC :DX offset address of data 
INT21H anvoke the interrupt 


INT 21H option(ÜJ: outputting з single character to the monitor 
„ Todotha: АН-02 (АН is given 02} 

DL = is loaded with the ASCII character to be displayed. ) 

o pi € 


INT2]H is invoked 
e 4 wet heer 


Ex: MOV AH,02 „option 02 displays one character 
MOV рҮ" ‘DL holds the character to be displayed à 
INT 21H invoke the interrupt. 
int? 1 h 


+ This option can be used to display `$ sign on the monitor. 


board input with echo (inputting a single character with echo) 


INT 21H option 01 Key 
haracter is Input from the keyboard, then echoes displays) it to the 


» This function waits until a c 


monitor. 
> After the interrupt the character will be in AL. 


Ex: MOV АН! -option 01 inputs one character 
INT 21H ;after the interrupt, AL = input character (ASCII) 


INT ин optio 07: Keyboard Input without echo 
> This function waits until а character is input from the keyboard, then character is not displayed 


(echoed) to the monitor. 
> A fier the interrupt the character will be in AL- 


MOV AH,07 -keyboard input without echo 
ان‎ e 


Ex: 
INT 21H after the interrupt, AL = input character (ASCII) 


ol 
o} 
296 o2 
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org 100h 


MÓV AH, OEh ; sel | 
MOY Mager рн иена, 
‚ receives an ASCI 


I d 
: character that eil! Бе ea 


: in AL register. 

MOV AL, 'H' ; А : 

Ж Sar tet ы ЕЁ. 

MOV AL, 'e' ; ASC А 

tet: еы ы * 

MOV AL, '1' ; ASCII de: 10 
‘Vb De i arint itt 7 аы 

MOV AL, '1' ; ASCII code: 108 

INT 10h ; print it! 

MOV AL, 'o' ASCII code: 111 

INT 10h ; print it! 

MOV AL, ''!' ASCII code: 33 
j INT 10h ; print it! 


RET ; returns to operating system. 


= emulator screen (40x4 chars) 7 
— — E 


Hellot 


| 





| 
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.MODEL SMALL 
Display the string : Hello! 


DATA 
msg db 'Hello'!','$' 
.CODE 


„startup 


mov ax,@data 

mov ds, ах 

Леа dx,msg ;or mov dx,offset msg 
mov аһ, 9 

int 21h 


The followings 2 statements return control 
back to DOS since we are finished 





тоу ax, 4с@ёһ 
int 21h 
end 


crear киек Ht can) т сМ CIID 


шшш, | 


— — تسن عه‎ 
i ‘Hello? ЭКУ? 
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; "Mello!' giten using INT 21h 


me “h : 

na : compiler directive to make tiny com f:l 
execution starts here, jump over the data string 

jmp start 
data st 


> db КА ‚@аһ,даһ,@ 

doh, QAh - is the code 

: for standard пеш 
line characters: 

QDh - carriage return. 

@ - пеш | ne. 


start: 
set the index register: 
mov si, 
next char 


get current character: 


mov al. msg(siJ 
is it sorn? 
if so stop ио 
стр a 
je stop 


; print character in teletype mode: 
Зп i 


<= 


update index ге register by 1: 


| go back to sint snother char: 


jmp next. char 
stop: mov ah, Q ; wait for any key press. 
int 16h 
; exit here and return control to operating system... 
re 
end ; to stop compiler. 


| 


WA emulator screen (40x4 chars) * ^7 «тара е) К) 
ilellat 


L] 


| 
| 


d o Dem е 
Pe, 
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pie ot multi ap executable file. 


ба 
| a tiny exam separate segment, segment registers must be set correctly 


| data is stored іп à 
name "Lestexe" 

i t i i 
data ин *hello!", '$ 
ends 
stack st nent 


db 30 dup (0) 
ends 


code segment 


start: 

; set segment registers: 
mov ax, data 
mov ds, ax 
mov es, ax 


' print MIO! 

ea x, M$ 
b оу ah ah 
! 21h 


int 

: wait for any key... 
mov ah, 
int 


return control to 05! 
. mov 
int 21h 


ends 
end start ; set entry point and stop the assembler. 


‚ PT emulator screen (40х4 chars) бу PE PANE 
Ы. ee LL РШЕ РЕ НАА ЫЕ: 1 eee 
ilello? 
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. со 
mov ax, data 
eov 95, 2х 


mov бх, 
mov si , offset msg 
mov cx, length 


Add si,CX 

back: moy dl, {sil 
mgv a 

int 21h 

dec si 

locp back 

mov ах,@с@@һ 

int 21h 


ret 
i 


emulator screen (1315 chars) 


€ س 


ШЕТЕН 1 
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i Print char. by char for any “string 


name "Che archar' 


org 100h х 1 
new line macro 
print o" dr, 
mov ah, 2 
int 21h 
mov dl, 10 
mov ah, 2 
int 21h 
endm 
mov dx, offset msgl 
mov ah, 
int 21h 


: input the string: 

mov dx, offset s1 

mov ah, Va 

int 21h 

; get actual string size: 

xor сх, CX 

mov cl, 511171 
x print- new line 

mov , offset 5112] 
print. —— 

mov dl, [bx] 

mov ah, 

int 21h 

print new. line 

inc bx 

loop age cha 

: wait For any key. 


! mov ax; 
int 16h 
ret 
т591 db "ENTER THE STRING: $" 
5 db 100 dup(' ') ; Space 


IT emulator screen (40x1 3 chars s) — C II 


PNIER Ib SIRING “EIT 





this sample shows how to use scasb instruction to (ind a symbol 

org forward direction: 

д set counter to string size: 

д String address into es:di 
mov 8X, cs 


stri 
‚ we will look for the character in string: 
mov al, find what 
repne 3cas 
E f oun 
not Found: 
"т not found! 
тоу dx, offset s not 
mov а 
int 21h 


jmp exit_here 

found: 

{| “уез” = found! 
mov dx, of set s found 
mov ah, 
int 

; di contains the address of searched character: 
ec 1 

: wait for апу key press... 

тоу ah 
int 16h 

jexit here: | A 

й геї 


stri db ' aaabbbxddd"' 

s found db '""yes' ~ found!’, QDh , Ah @° 

5 пої db '"mo" = not found!', bDh, OAh, '$" 
find what equ 'х' 


i 


ПШ emulator screen (7Bx6 chars) e] 


j yes” “found! 
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4 Write 3 program to convert upper two lower and 
is lower to upper 
delay time = 100 ms 


mall 
mode $ 1000h 


msg db Бен and Electronics Engineering’ 


mov si , Offset msg 
mov CX, length 


back: mov dl,[sil 
mov ah, 02h 

int 

inc si 

loop back 


mov si , offset msg 
mov GX, length 
backi: mov 1,Csil 
vac“ di, @Q100000b 
mov ah, 

int 21h 

dns 31 


loop backi 
mov px 4cOO0h 
int ih 


= 
"Elecirical and Electronics Fngineer ing 
4 eLECIRICAL AND eLLCIRONICS eNGINLLRING 


emulator screen (52x4 chars) ‘4.2% > * 
=a 


















9 Ó 4I I B. Nae cun 
| Load reload step back single step | ги p delay ms: 100 


me | | F400: 020^ F 400: 02 04 


deley 





аппеч DY valirocarirer 








character from keyboard 
11 #1 


e read 8 
bem can use the DOS function ca 
| ascii code of the key pressed store in AL 
int ath 9 Kesboarel inPut with echo 
s AN tt Ме} ie fuk ont ecl 
J م‎ "o 
eta 


| 
— — | 


"t re — an ص‎ LL а... e —— step delsy * 
* FAOD: 02 бА | 
r — 


— — —— m f^890:020^ 








; To write а character to the screen 
; you can use the DOS function ca 42 
mov dl,'C' 

mov AH,2 

int 21h 













xu мй davicu lêne heb 


math debug “ew 
@ | Ib ЖЖЖИ 
] О, _step ba yA kj s nges step run step delay ms: С 


Load | 
— i: — emai ade [sire steps] automat wy 


: unà " emulator screen ‚(45х72 chars) — 





y Gamscanner 


‘mode? small 

ata 

i db ‘Entered number is positive $' 
s92, qb 'Entered number is negative $ 


input 


; stack 

' code 

mov ах, @data 
mov ds, ах 
moy al, ш 
rol al 

je a 


"d 


lea dx, t. noe! \ 
mov 25 * 

їпї 2 

jmp [2 


next: lea dx, msg2 


mov ah, 

int 

last: mov ah,4ch 
int 


Mam screen en (3м den Ў 5 COX! 


— M ——— M 


Entered T number is — 
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.model small 


.data 
msgi db 'Entered number 15 positive $' 
msgz db 'Éntered number ís negative $' 


jnput b -15 


» stack 
„code 
mov ax, @даїа` 


mov ds, ах X 
mov а}, input 
rol al,@1 

je next 


lea dx, magi 
mov ah,09 
int 

jmp last 


A emulator screen (34x3 chars) eene DEX) 
apis Siento чыё alm i 


p 


» —— کے‎ —— — — — — = 
Entered number 1S negative 


FE КТИ 





7 


309 





' 


ou 
Lal ISU UY „апо ап итен 


S 


„$ 
і; Write ALP to rege two decimal numbers 
ro 


і one git eac keyboard and print 
: the sum of two number on screen 


оде! small 
N ^ 
JE 3 
code 


ov ax, data 
ov р, фк 


Trt 255 d f t b 

n ; rea ir umber 

sub 21"3on ; convert to doeimal 
mov X.a 

call return ; Меш line 

mov gh, 

int I^ ; read second number 
sub a von ; convert to decimal 
mov y.a 


call return 


у al. 
add at 
dd ' 8b, ; convert sum to ASCII 










h.2 
Фох BIR 


h, 4ch 
moV SA 


t roc 
return Pal. gah 


"TEX UM 


mov К" gdh 
Tat 21А 
ret 


return endp 
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ite Ai © tA ear Fie ae, (ees «y Ate 


i one eieit eae ^» od se Nevo 

are À? ^4 the ха ét 1*9 twa ТИГЕ, 

mode i 11 

stack + RAL 

Sate 
x db 7 

^ 

۷ eh А 

de * 

sei ch 'njes*e estes nhi . 
тас Ch ` ease enter the sereia onn ' 
mses cb ‘The sum 15 V^ 
‚собе 
nov ах, @cata 
(M as. ax So gc айтте Da 

ea сх m! 
ca PN ; мамін аер ente bhe oye изен» 
a return ¢ Се ta wert Que P «ктт 
call ROO ¢ Read Firat bus 
mov х,а 


call new, 


“чю ө, 


3i “page” ; кү! pleas ente ihe аже ibe) 
Шм" es ele 

Hy nl 
» 


Mov z,al 
call return 


mo * ffset 3 
Ase d "erint t the sum da 


ca 
mo 
soy P 
tov T ch 
int 
PMSG 
„эу ab.® 
int ih 
ret 
PMSG endp 
bs 107 


JUali Tcu VY valimnuvdalil mi — 


RDiD proc 
mov ah,1 
int 21h 
sub al, 30h 


ret 
RD1D endp 


return Proc 
mov dl,Qah 
ah 


mov lr. 
int 21h 
mov 91, Odh 
mov аһ, 2 
int 21h 
ret 


return endp 





PTD proc 
add dl. = 
1 mov 2n 
int 
ret 
PTD endp 
= emulator screen мене chars) ? j 
please enter the ve first number 
j —* please enter the second number 
| Uu sum is 9 Y 
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odei amall 

i н db ‘Please enter any number ^ 
mss "db ‘Entered number is odd $ 
тэ? ¢ y "теге number is even $' 
input € 

1 

noun 

mov x, data 

mov Ча, ах 


— 


zii 


—— 


please enter any number 


print: 
on screen 


return Go to next line 
aby input i Remd number 
ibali urn 
' t 

mov а], ОДР 
jnc next 

ы 1 
167 BH” 
jmp last 

"592 


het m. dx, 


leet; А и ah, 4ch 
int 


PMSG proc 


mov abe? 


int 
ret 
PMSG endp 
return d" c 
mov as gen 


mov 

int i^ 

mov pen 
mov 

int 


ret 


257, 


¢eturn endp 


"озо сөр 
21h 
30h 


int 
su 
re 


RD1D endp 


$i 


| 
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dua emulator screen (27x4 chars) HEK 


NER Us weet. A 


Please enter any number | 


t 


Entered number is odd 


ie 
TE NOCTIUM s 





8086 /8088 Hardware Specification 


In this lecture, we cover the 8086 microcomputer from the hardware point of 
view. The 8086, announced in 1978, was the first 16-bit microprocessor 
introduced by Intel Corporation. The 8086 is manufactured using high- 
performance metal-oxide semiconductor (AMOS) technology, and the 
circuitry on its chips is equivalent to ab cie م‎ 29000 transistors. It is 
housed in a 40-pin dual in-line package. 


Pin outs and the pin functions 


Figure below illustrates the pin-outs of the 8086 and 8088 microprocessors. As a close comparison 
reveals, there is virtually no difference between these two microprocessors-—both are packaged 
in 40-pin dual in-line packages (DIPs). ) 

the 8086 is a 16-bit microprocessor with a 16-bit data bus, and 
the 8088 is a 16-bit microprocessor with an 8-bit data bus. (As the pin-outs show, the 8086 has 
pin connections AD,-AD,,, and the 8088 has pin connections AD,-AD,.) Data bus width is 
therefore the only major difference between these microprocessors. 
There is, however, a minor difference in one of the control signals. The 8086 has an M/Ó 
pin, and the 8088 has an IOM pin. The only other hardware difference appears og Pin 34 pf both 
chips: on the 8088, it is an 550 pin, while on the 8086, it is a BHE/S, pin. — 


MODE Feo моон de 


Voc 

А15 

A193 

A1754 

x A1855 

A107530 

® (HIGH) 
MINIMAX 

йо 

HOLO (ОТО) 
мол (ол) 


1 1 
2 2 
3 э 
А ^ 
5 5 
6 в 
7 7 
8 a 
а 
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8086/88 Device Specifications 


Roth are packaged in DIP (Dual In-Line Packages). 
« RORO: 16-bit microprocessor with a 16-bit data bus 


« КОКК: 16-bit microprocessor with an 8-bit data bus. 


Both are SV parts: 
RONG: Draws a maximum supply current of 360mA. 







КОКА: Draws a maximum supply current of 340mA. 


Input/Output levels: 





INPUT OUTPUT 
Logiclevel Voltage Logiclevel Voltage 
0 0.8V max 0 0.45V max 





GND Wl < 
ADI4 82 4+» 
ADI3 83 +» 
ADI2 m4 «> 
ADII M5 <> 
ADIO MÓ +» 
AD? N7 «> 
ADS 88 <> 
AD7 89 — 
AD6 f 10-4» 
ADS gll-« 
Ар4 12 
Арз 13+ 
AD2 14 
ADI 815 


scanned by CamScanner 
















NORA/NS Pinout 
Pin functiens 
e ADIS ADO : 
Multiplexed addlressALE 1)/data bus(ALL 0) ) 
. A19/56 Al6/S3 (multiplexedy rr — — 
High order 4 bits of the 20-bit address OR status bits 56:53 
e M/TO 


Indicates if address is a Memory or IO address. 


* RD 
When 0, data bus is driven by memory or an 1/0 device. 
* WR 
Microprocessor is driving data bus to memory or an 1/O device. When 0, 
data bus contains valid data, 
* ALE (Address latch enable) 
When 1, address data bus contains a memory or 1/O address. 
b DT/R (Data Transmit/Receive) ) 
Data bus is transmi ting receiving data. 
(* DEN (Data bus Enable) ) 
Activates external data bus buffers. 








* S7, S6, S5, S4, S3, 52, ST, 50 
' $7: Logic 1, S6; Logic 0. ` 
C S5: Indicates condition of IF flag bits. ) 
$4-53: Indicate which segment is accessed during current bus cycle: 
54 53 


Function 
Opcode Fetch 


I/ORead . 
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Pin functions: 
* INTR 
When 1 and IF=1, microprocessor prepares to service interrupt. INTA 
becomes active after current instruction completes 
• INTA 
Interrupt Acknowledge generated by the microprocessor in response to 
INTR. Causes the interrupt vector to be put onto the data bus. 
* NMI 
ANon-maskable interrupt. Similar to INTR except IF flag bit is not con 
sulted and interrupt is vector 2. 
















e CLK 
Clock input must have a duty cycle of 33% phigh for 1/3 and low for 2/ 
3s) е 
* VCC/GND 


Power supply (5V) and GND (0V). 





* MN/MX 
Сает) minimum (5V) or maximum mode (0V) of operation. 
» BRE — 
ds High Enable. Enables the most significant data bus bits Ds i) 


during a read or write operation. 






(Used to insert wait states Acontrolled by memory and IO for reads/ 


writes) into the microprocessor. 
— — 
Microprocessor resets if this pin is held high of clock peri 
Instruction execution begins at FFFFOH and IF flag is cleared. 








An input that is tested by the WAID instruction. 
Commonly connected to (8087 coprocessor. 


canned by Camocanner 


* HOLD 


Requests à direct memory access (DMA). When 1, microprocessor stops 
and places address, data and control bus in high-impedance state. 
* HLDA (Hold Acknowledge) 


Indicates that the microprocessor has entered the hold state. 


e RO/GTI and RO/CTO 


Request/grant pins request/grant direct memory accesses (DMA) dur- 
ing maximum mode operation. 


* LOCK 
Lock output is used to lock peripherals off the system. Activated by 
using the LOCK: prefix on any instruction. 
* QS1 and 050 
The queue status bits show status of internal instruction queue. Pro- 
vided for access by the numeric coprocessor (8087). 








/ QS, OS, Function 
| 0 0 Queue is idle 
\ 0 1 First byte of opcode 
1 0 Queue is empty 
1 1 Subsequent byte of opcode 


— —— د > 


іе 


IOMA DT 550 Function 
0 о 0 Interrupt acknowledge 
0 0 1 Memory read 
0 1 0 Memory write 
0 1 1 Heal = 
1 0 0 —— 
1 0 1 VO read: 
1 1 1 Pasalve  - 
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Ais and data bus 
he ot! feail are 
at the same 
another 


en that ald 52 us lines Ав through 
ot uis (e ят, ' 
lesod we mean th 
wi the data hit al 


ТҮП 


lines wilh ПЕШ multiple sed | 


labeled Аі» инр Als lty үөнү, 
nb al one Hine oW 


L] | iaf "мөр, 


(hyo al pin! aries an address ! 


tine 


| he HONG can be configuring to work in either of two modes: 


MIN and MAX Mode ; ' ontrolled through the 


| by applyima lopie | 
tema are typically snm 
"aper since all contro 


MN/MX pin 
to the MN/MX 


yaller and contain а 
| signals for 


Ihe minimum mode jy selectes 
input lead Minimum mode KOKA вух 
poprocessor Minimum mode i^ | h 
ted by the microprocessor 


ja selected by applying logic 0 to the MN/MX input 


The m 

lead. Maximum mode configures KORG systems for use in larger systems and 
with multiple processore Maximum mode is designed to be used when а 
coprocessor (КОК?) exists in the system. м RR 


single mii 
memory and 1/0 are genera 


Depending on the mode of operation selecied, the assignments for a number 


of pins on the microprocessor package are changed. 





e o m 
nef or - * Common Sina Ф 
Мате. 
ADIS ADU 
ALSO ALON) Address / status 
Minimum’ Maximum mode control 


|" аха hype 
Address data bus Iidurectional , }-state 
Output’, -state 
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Minimum mode signals;:MN/MX-Y сс 
—— — Ou 
МО | 1O/memory control | Output, 3-state 
DNE | Dat transmi е Oui, sat 
[DEN — [развеле uty 
FALE [Address latch enable — — jot —— 


үр 







T 
ul 


i 






Power supply 
Vee GND 
е e 
Addres/data bus 
NTR 
—— АО -АО,. А !/$у-А lS. 
ISTA 
Interrupt 
interface TEST 
NMI 
ALE 
RESET BHE/S, 
м Memory/1O 
cont rols 
oma HOLD DT/R 
interface HLDA RD 
Vee WR 
DEN 
e N/K READY 
CLK 
Clock 
Minimum-Mode block diagrams 
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Gome of the control signals must be generated externally, due to redefinition 
of certain control pins on the 8086 


The following, pins are lost when the 8086 operates in Maximum mode. 


«АЕ «WR. 10/M e DT/R « DEN e INTA 


This requires an external bus controller; The 8288 Bus Controller. 

















Bus priority lock 
control — — 
Bus cycle status 


Instruction queue 
status 


Output, 3-statc 








Output, 3-state 





шш "TY — —— 





| 
' 
T pun 


| 


AD,- АО», А.„/%у-А PR 


mntaoY 


? 
n 


ancy, ADOT, Sore” 
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А 
H „ vm 
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— — 
Maximum Mode 8086 System 


Minimum Mode 8086 System 














8288 Виз Controller 
8086 














DT/R 
DEN 
MCE/PDEN 
ALE 





Rei. et a 


are ‘ised for 1/0 (IORC and ОЎО) and memory (MRDC 


IC) and 1/0 (AIOWC) write 
C/ 







Separate signals 
and MWTC). 
Also provided are advanced memory (AIOV 


strobes plus INTA. 






















8284А Clock Generator 
Basic functions: 
• Clock generation. 

« RESET synchronization. 
« READY synchronization. 
• Peripheral clock signal. 


Connection of the 8284 and the 8086. 





Crystal 


[77 OSC 


15MHz 





411111144 
1414444144 


BUS BUFFERING AND LATCHING 


All computer $y stems: have three buses 


» Address bus: provided memory and VO with memory address 
or I/O port number. 


» Data bus: transferred data between p and memory ог Uo. 


» Control bus: provided control signal to memory and ЏО. 


All signals MUST be buffered. 
Latches buffer for Ag A15. 
Control and A15: A19 + BHE are buffered separately.. 


Data bus buffers must be pi-directional buffers (BB). / 


BHE: Selects the high-order memory bank. 


Е Dis 
BB 
HGD 


В 


| 


D. te 


| 


паана 
SEN 
rj © 


eo 
S 
g y 
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Demultiplexing the KOSH: 


In this case, two TALS373 transparent laiches 
bus connections AD,-AD,, and the multiplexed addre 

These transparent latches, which are like wires 
(ALE) becomes a logic |, pass the inputs 10 the outputs, Айе 
logic 0 condition, which causes the latches to remember the inputs at the t 
logic 0. In this case, Ay~Ag are stored in the bottom latch and А-А 


ме used to de- multiplex the address/data 
ss/status connections A 9g" 53 
whenever the address latch enable pin 
r a short time, ALE returns to its 
ime of the change 10 à 
in the top latch. 


Avene — — — — — Aw 
Anas A 
Awe — Ау 
un — Avs 
و‎ Au 
il DOPED م‎ ^u 
—— Ai 
Vi necem An 
oy RET Ау | Address bus 
y quem A. 
As А, 
А, 
As 
As 
Ay 
А, 
^s 
^, 
^o 
Е e ics 
ADs Н Dy 
AD, ELI D 
ADs — — а а 0 D, 
ADs er D, 
a иези — x 
4 — M O - mtn 
АО, — , — D, 
| AD, о, 
IOM 
мих WR RB | Control bus 
WR 
*$V 
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Demultiplexing the 8086: 


ultiplexing the 8086. Like the 8088, the 8086 system requires 
control buses. It differs primarily in the number of multiplexed 
and A,JS-A,/8, ae multiplexed. In the 8086, the multi 


Figure xed 
ЕНЕ), data (D, ,-D,). and control (MÄO, RD, and WR 


— 




















separate address, dala, and 
pins. In the 8088, only AD,-AD, 
plexed pins include AD,,-AD, 


ASA Sy and BHE/S, All of these signals must be demultiplex 
illustrates a demultiplexed 8086 with all three buses: address (Ау-Ао and 


FHE/S7 OE — — BHE 
Awan = — — Ars 
^ nf - 373 ي‎ — — Avs 
Avra eee Aw 
Aia e ^i^ 
6086 
Ais 
Ais 
Жа 
Аз 
— — —— ^in 
Avo Address bus 
^. 
An 
Ay 
Aa 
As 
^a 
^s 
Аз 
^; 
^o 
“i — = = 
ADis ا‎ CT TT I 6 ЕЕ Ds 
Ap" aS a a a =н ne 
АР. — oe ca a a OS OO D, 
AD; — Hrer D. 
AD), tre Di? 
Apu r —* 
ADV ———— Ss aa eS Dy 
AD rr D 
AD; пш Б EF ШЕ ЖМ ac * Data bus 
AD, — — ee 8 
" ADs [^] 731.3 E E D. 
AD, [ДЖ 24 50 р> 
i АР, ge BS s D: 
AD; s БАТ D; 
AD, = р, 
TD MAO 
WE RD Con 
MN/MX WR trol bus 


+ 5У 


осаппеч Dy хашәсаппет 


The buffered System 
A fully buffered signal will introduce à 
cully unless memory or UO devices are used, 
[5 
| The Fully Buffered 8088. Figure - depicts a fully buffered 8088 microprocessor. Notice tha 
the remaining eight address pins, A ,-A, use а 74LS244 octal buffer, the ei ght data bus pins, 
-D, use a 74.5245 octal bi-directional bus buffer, and the control bus signals, IO/M, RD. 
and WR. use a 741.5244 buffer. А fully buffered 8088 system requires (wo 141.52445, one 


11545, and iwo TALS373s. The direction of the 7415245 is controlled by the DT/R signal, 
and is enabled and disabled by the DEN signal. 


timing delay to the system. This causes no dith- 
which function at near the maximum speed of the 












Buffered 
comio 
bus 
/ wwe 
^ LM (9 
i — — DAS 
= — — 
а — — —— ' Bul fremd 
е —— Taur spon — = Ац "- 
Ан xm ——— SE ste К 
— IE — — — 
—* d . 
p qase —— — — - As 
- ^, 
се ^. 
- ^, 
- ^, 
“A, 
° А, 
- ^, 
- ^s 
Ф, "n.p D, 
^. n, at 
^, ө, - I» 
As sas в. - о, АА 
м, в, et, dee 
^, =, = >. owe 
^, м, - D, 
^e Bo - is 





vr DIN 


A tally buffered 6088 nm cotes 
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The full buffered 8086 


— 


A fully buffered 8086 system 














requires one 74LS244, two 74LS245s, and three 74LS373s. 


The 8086 requires one more buffer than the 8088 because of the extra eight data bus 
connections, D,,-D,. It also has a BHE signal that is buffered for memory-ban selection. 


мио мло | Buffered 
RD m KD control 
wa = WR bus 
BRES ВНЕ 
Кек = Aw 
ж 
Awas EIU A 
1794 17 
ap em —| со PK 
Ava 
= An 
Aw 
Ay | Buffered 
Am address 
Ay ae 
As 
Ал 
^. 
As 
^; 
А. 
Ax 
Ay 
^a 
Е EEEE 
ka 
и тиши ш и ишини ишш п иши Bu 
jc HHH Du 
AD HHH D; 
AD. T E naass D A M a a e E D. 
Ары or D. 
; AD r De 
x ADs —— — n E E S n a a D 
TT 
PA — — —ÉÁÉEHEEHZ м 
po — — — A T E a ^s 
Ax шю шун Бю ^ 
ма меш n р, 
= ле 5008 » 
AD, + — D, 
о 
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BUS TIMING... 

i" ау 

The three Saws of the AORO and ROKK атс, о vA and 

CAA. ‘Фе 270 manner as those of any other i горе" 

f writteg '^ the meme , the micropron e «oo «ctp 
data to he мп 


ә M 
cUTOAMM mm on the address bus, output the 
= — 
je data bus, and issues a write (WR) to memory аг 
1 for the 8086 


gies 


тг ont 
° ¢ the 55:76 and TOM 
li data are reads from «te memory , the m ropmce wor OWT 1393 
"к-ту address on the address MLA ensues arcadtRD) memor) - 


and ac rps the data va tte Jota Yes 


Bi > Timing 
уне 8 
e[x.- p ad ives on firs bus 


el^ 7p tate on data bus 
njani М ‘wl 
1 ке Pet v» — —Q 


омог ам! 
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- — 
u'e wren нж р. 


упр! ted 8086 Wee Bust yale 
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• Dump address on address bus. 
e Issue a read (RD) and set M/TO to 1. 


* Wait for memory access cycle. 
One Bus Cycle —————————4 


— ꝰ't 
КИШ = o mui eme qui — 


Valid Address 
Mares / (Raa! — 
—  ! у 


—À 8086 Read Bus Cycle T гур / 


Bus Timing for a Read Operation 
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BUS Timing ад 
During Ty xt » 


* The address is placed on the Address / Data bus 
• Control signals МИС, ATE and ОТАК specify memory or 1/0, lateh the 
address onto the address bus and set the direction ef data transfer en 
data bus 
During T; 
* 8086 issues the RD or WR signal, DEN. and, tor a write, the dala 
DEN enables the memory or L/O device to receive the data for writes 
and the 8086 to receive the data for reads 
During Ty 

















* This cycle is provided to allow memory to access data 
* READY is sampled at the end of T; 
If low, T4 becomes a wait state 
Otherwise, tlie data bus is sampled at the end of T, 
During Ty: 
* All bus signals are deactivated, in preparation for next bus cycle 
* Data is sampled for reads, writes occur for writes 


BUS Timing 
Timing: 
Each BUS CYCLE on the 8086 equals four system clocking periods (T 
states). 
The clock rate is 5MHz, therefore one Bus Cycle is SO0ns. 
The transfer rate is 1.25M Ha. 


Memory specs (memory access time) must match constraints of system 
timing. 


For example, bus timing for a read operation shows almost 600ns are 
needed to read data 


However, memory must access faster due to setup times, e gr 
Address setup and data setup. 

This subtracts off about T50ns 

Therefore, memory must access in at least 450r minus another 10 
40ns guard band for buffers and decoders. 


420ns DRAM required for the 8086 
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wer memory and 1/0 


t to the 8086 that causes wait states for slo 


An 
components. 
A wait state (Tw) is an extra clock period inserted be 
lengthen the bus cycle. 
For example, this extends a 460ns bus cycle (at 5MHz cl 


«29005 ہے‎ ouis ' 
T, — 4—1 


Tu سل‎ 
E ot Мыш 


i ' 
Float 


Float | Dian 2 


OK : 


tween Тапа T; to 


ock) to 660ns. 


Epod imo — 
Fail —>- 


Wait State timing Sampled gain 





е oet — 2 
| f — م كدح‎ + » 
mory Read Timing in Maximum Mode Memory Write Timing in Maximum Mode 
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intel. 


8086 
16-BIT HMOS MICROPROCESSOR 


8086/8086-2/8086-1 

в Direct Addressing Capability 1 MByte m Range of Clock Rates: 

of Memory 5 MHz for 6086, 

Architecture Desig Powerful 8 MHz for 8086-2, 
" Assembly e e yg OE 

1 Level Languages m MULTIBUS System Compatible 

m 14 Word, by 16-Bit Register Set with Interface 

Symmetrical Operations в Available in EXPRESS 

— Standard Temperature Range 

„Де povero Modes — Extended Temperature Range 
в Bit, Byte, Word, and Block Operations w Avaliable in 40-Lead Cerdip and Plastic 
m $ and 16-Bit Signed and Unsigned Package 

Arithmetic in Binary or Decimal (See Pacnagig Spec Order 0 271200 

Including Multiply end Divide 


The inte! 8086 high performance 16-bit CPU is available in three clock rates 5, 8 and 10 MHz The CPU is 
i nied in N-Channel, deplebon load, silicon gate technology (HMOS-!If), and packaged in a 40-pin 
CERDIP or plastic package The 8096 operates in both single processor and multiple processor confepurations 
to achieve high performance levels. 
e — 








Order Mumbar. 231455-005 





canned by CamScanner 








س 


— 


| 2-16.39 | vo ADDRESS DATA BUS: These ines consttute the me mci 
| | memory 1O address (7.1, and data 17: TaT 
| [ analogous to SHE tor the lower byte of the Jata bus pins О-О "з 
| | OW Sung Ty when a byte з to be transferred on the iow ponon 

í £:g^t-b4t onented демсез ted 
comditon chip select 


w Tale Ас 


gre active HIGH and float 10 3 state 





During T, these are the fo most significant 
operabons During 1/0 operators these 







b. 


дес for data accessing 


and I/O operations, status information 
is available on these lines duning Т; Ts. Tw. Ta The status of he 
ты! enabie FLAG DII (53) is updated at the beginning of each 

| CLK cycle Ar? 54 and А. JS are encoded as shown 

Thus information indicates which relocation register ıs presently Dog 


These lines ficat to 3-state OFF during local bus “hold acknowtedge | 


— — — 

0 LOW | 0 Amornate Data 

0 1 Stack 
1 (HIGH) 0 Code or None | 
in 1 ' Data | 
i 580 | 
(Low) — 
BRE/S; o BUS HIGH ENABLE/STATUS: During T, the bus high enabie signal 


(GE) should be used to enable data onto the most significant һай of 
the data bus, pins Dyg- De Eight-bà oriented devices tied 10 the upper | 


half of the bus would normally use BHE to condition chip select 
tunctons. BHE is LOW during T , for read, write, and interrupt 
cycles who) а byte is to be transferred on tha high 
of the bus. The Sy status information is available duning Tz, 
Ty, and Ta The signal is active LOW, and floats to 3-state OFF in 


"hold" ıt is LOW during T, for the first interrupt acknowledge cycle 


| ; [B 7L M i Characteristics — 
Whole word 
Upper byte from/to odd address 
Lower byte from/to even address 
None _ 


A5 32 | О READ: Read strobe indicates that the processor is pertorming а 
memory or 170 read cycle, depending on the state of the Sp pin Thes 
signal i$ used to read devices which reside ол the 8066 local Dus RD 
i$ active LOW during Ta. T3 and Tw of any read cycle, and is 
guaranteed to remain HIGH in Tz until the 8086 local Dus has ‘hated 
This signal floats to 3-state OFF in "hold acknowledge | 
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Б м ины 





| 
| 











j 8086 
| ; 
Table ! Pin Description (Continued) خت ي‎ 
— — —— — 
READY : — тот the sdoressed memon o UD | 
| complete the data transfer The READY signal from 
by ihe 8284A Clock Generator to torm | 


READY Ties signal s астме HIGH The 8086 READY input i$ not 
syncvonzed Correct eperaton i ^ot guaranteed A ine setup and hold 
(nes are not met —— 


AREA Sen — ñ— — چ —— — سس‎ 

{ма | 16 i INTERRUPT REQUEST: в a чө! nggered input мс? a Manni? 
DTE ne ast cioch cycle of — 

iro an Мет! acknowledge operator a 





— — 
23 I TEST: mout is examined by the “Wart instruction If the TEST input s 

| LOW execution continues, ptherwee the processor wats in an 13 

| state Tis input is synchronized internally during each cioch cycie ол | 
| | tne leading edge of CLK. easel 


| NON-MASKABLE INTERRUPT: an edge tnggered input whch causes 
or 


NMI 17 П 
a type 2 interrupt A subroutine is vectored fo via an interrupt vec! 
memory NMI i$ not maskabie internally 





lookup lable located in system 
by softwere A vansiton rom LOW to HIGH initiates the interrupt at me 
end of the current instrucbon. Th input is internally synchronized 


RESET; causes the processo: to immediately terminate its presen | 
E be active HIGH for at least four clock cycles. It 


restarts execution, 8% 
RESET returns LOW RESET is internally synchronized 


CLOCK: provides the basic trng for the processor and bus controle 
provide optimized internal 


itis asymmetnc with a 33% duty cycle to 


| The fodowing pin function descriptions are for the 8086/8268 system in maximum mode f MNAR = Ves). 
macrum mode are described, at other pin funcbons are as 










STATUS: active during Та, Ty, and Т; and is returned to the passive state 
(1,1, 1) during Ту ос during Tw when READY is HIGH. This status is used 
by the 8288 Bus Controller to generate al memory and I/O access control 
signals. Any change by 52, S1, ос Sp during T, is used Io indicate the 
beginning of a bus cycle, and the return to the passive state in Ту or Tw is 
used to exScate the end of a bus cycle. 





' 
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| pres are encoded эз thown а — 


& | & Characteristics 
— — سا‎ AN HEREDI س‎ 
0 9 | interrupt Acknowledge 
1 Read /О Port 
0 Write ГО Port 
1 han 
0 Conde Accents 
1 1 Peed Memory 


— — — 


pes are ло? by otter local Du masters 10 force 
tha local bus at ihe end of the processor 3 
current bus cycie Each na bidirectional mih O/T: having тө! 
161, AG/GT pins have ternal puli-up OSIRIS and 
sad. The request grant sequence % эз follows 


1 
Ug | REQUEST/GRANT 
^e processor to release 





(see Page 2-24) 

1 A puise of 1 CLK wide from another local 

bus request ( hof) to the 0066 (pulse 1) 

2 на Ta or T, clock cycle, — 

the master 2), indicates that the BOSE nas alowed me 

осе] bus to fiost and thet f wif enter the “noid 

the next CLK M Ыр в but nteríace unt is disconnected logically 

from the local bus during “hold y 

3 Кол 1 GLK wide from the requesting matter cc en 

uie ) that the "hold" request з about o end and net Pe 

reclaim the local bus at the next CLIC 

Each mastor-master of the local bus is а sequence of 3 
I must be one dead CLK cycle after each bus exchange 


pulses 

Pulses are active LOW. 

АЗ uestis mede whia the CPU  periorming а memory туч а 
Ihe adus tha осві bus during Ta О! the cycle when ak ne 10109409 
conditions are mat 

1 Request occurs on or belore 72 

J Cudeni cycle s not the low byte of а word (on an odd savenn) 
3. Current cycle is not the first acknowledge of ал етир! 
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will follow: 
$ Local bus wii be released during the next clock. 
within 3 clocks. Now the four rules for а 

apply with condition number 1 already 






completion о! 
to 3-siate OFF in "hold ack 
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bus master dicatas в оса | 




























Мате and Function = Е ] 
QUEUE STATUS: The queue status is valid during the CLK cycle alter | 


which the queue operation ts 
QS, and OS; provide status to allow external tracking of Ine eternal 


8086 instruction queue. 2 





"ne torowing pin functon descriptions arê for he 8006 п minima une MN/MX = Voo 
ail other pin functions are as 


| 
functions w'uch are unique 10 ТШТ mode аге 
wid | 25 STATUS LINE: logically equivalent 10 Sz in the maxim PN is 0593 10 | 
distinguish а memory access from an 1/0 access. M/S becomes vakî in [ 
datrgush vu cycle and romains valid unt the fay Та oL ы ГҮ | 
(M = HIGH, IO = LOW) ТУ floats to 3-state OFF in local bus "hold | 


Mc — 
sor is periorming в write memory ot write 


WA WRITE: indicates thal the proces 
WRITE: боин ing on he stata ol the М/О signal WF, ORE 2 T3 
| VO eye Soper уде li» acte LOW, and Boats to etle ОР I 
local bus “hold acknowledge". 
NTA Ы ИТК. a used as a read strobe for тети achnomiedge cr и ig actwe 
acknowledge cycle 


LOW during T ‚Ту and Tw of each interrupt 


ADDRESS LATCH ENABLE: provided by ine processor 10 latch the 
12289 address latch. Ils a HIGH pulse active during 





address into the 8282 
T, of any bus cycle. Note that ALE is never floated. 
that desires to 


DATA TRANSMIT/RECEIVE: needed in minimum system 

DATA TRANSAT jaa s transcelv, Ris used 1o солго e Sees! 
data flow through the transceiver. DT/R is ajeni to 5, in the 
date ev mode, and йв timing is the same as for M! (T = HIGH, R= 
maximum mode Moats о 3-te OFF in local bus "hol acinowiedge 
le for Ihe 8266/8287 па 


DATA ENABLE: provided as an output enabl 
à which uset DEN is active LOW during 


minimum system the transceiver. 
each memory and I/O access and for INTA cycles. For a read or INTA cycle 


each memory dr ruc о! Т; unii he medie ol Te Whee оинно 
ti acio ome begnving o Ta ипи the middle o Т, БЕН nost to 
state OFF in local bus "hold acknowledge 

HOLD, 31,0 vo HOLD: indicates that another master is requesting © 
HLDA ack HOLD must be active HIGH. The processor receiving the | 
“hold” request will issue HLDA (HIGH) аз an acknowledgement юте 
"hold" recast cook cycle. Simultaneous wan e spun ои ОА 
the Wil float the local bus and control lines 


Hetucted as being LOW, the processor wf L 





processor 
contro! ines. Hold 
regarding when the local bus will be 
released 

MOLD is not an asynchronous input. External synchronization should be 
не à va кут cannot otherwise quarante He set mt. we 


resistors 
The sama rules эз tor RO/GT apply 


ї 
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FIGURE 8-20 Maximum mode 6068 system 


the 8086/8088 for bus control during maximum mode because new pins and new features have 
replaced some of them. Maximum mode is used only when the system contains external co 
processors such as the $087 arithmetic coprocessor. 


The 8288 Bus Controller 


An 8086/8088 system that is operated in maximum mode must have an 8288 bus controller to 

ide the signals that are eliminated from the 8086/8083 by the maximum mode operation. 
Figure 8-21 illustrates the block diagram and pin-out of the $288 bus controller circuit. 

Notice that the control bus developed by the 8288 bus controller contains separate signals 

for VO (ОКС and ТОС) and memory (MRDC and MWTC). h also contains advanced 


. memory (AM WC) and VO (АТОС) te strobes and the INTA signal. These signals replace 


wn 
the minimum mode ALE, WE. TIM, DIR, DEN. and INTA, which are lost when the 
8086/8088 is operated in the maximum mode. 


Pin Functions. The following list provides a description of each pin of the 8288 bus controller. 


$2, S1, and SO Status inputs are connected to the status cutput pins on the 50568088 
microprocessors. These three signals are decoded to generate the uming 


signals for the system. 
CLK The clock input provides internal timing and must be connected to the 
CLK output pin of the 8284A clock generator. 
ALE The address latch enable output is used to demultiplex the address/data bus 
DEN The data bus enable pin controls the bi-directional data bus buffers in the 


system. Note that this is an active high-output pin that is the opposite 


polarity from the DEN signal found on the microprocessor when operated 
in the minimum mode. 
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FIGURE 8-21 The 8288 bus controller, (a) block diagram (b) pinout 


DTR 
АЕН 


CEN 
10B 


MRDC 
INTA 


MCE/PDEN ® cascade/peri t ade operation for. 
' paige гоша L108 ia arcinded ае soles melt 
transceivers if IOB is tied high. 


The data transmit/receive signal is output by the 8288 to control the 
direction of the bi-directional data bus buffers. 


The address enable input causes the 8288 to enable the memory control 
The control enable input enables the command output pins on the 8288. 
The JO bus mode input selects either the I/O bus mode or system bus 


The advanced I/O write command output provides UO with an advanced 
VO write control signal. 

The ИО write command output provides ЏО with its main write signal. 
The ИО read commend output provides VO with its read control signal. 
The advanced memory write control pin provides memory with an early 
or advanced write signal. 

The m:mory write control pin provides memory with its normal write 
control signal. 

The memory read control pin provides memory with a read control 
signal. 

The interrupt acknowledge output acknowledges an interrupt request 
input applied to the INTR pin. 


— — — — — 


8-7 SUMMARY 


Е The main differences between ће 8086 and B088 аге (а) un 8-it dala us on the BE 
16 bit data bus on the 8086, (b) an SSO pin on the 8088 in place of BHE/S, on the 8086, and 
(c) an IO/M pin on the 8088 instead of an М/О on the 8086. 


$, 
~ % 
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